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Introduction:

A NASA GSFC experiment is planned for a Spartan spacecraft and COTS boards were being considered
for use to decrease hardware lead time. The management of the procurement of these boards, the testing
performed to characterize them including the use of infrared (IR) imaging has been described in prior
publications!*®. IR imaging was used on samples from the flight lots to understand their thermal behavior
and to enable the project to design a ruggedization scheme which would enable their survival in space. IR
imaging was again employed for the actual flight boards and for those reserved as spares, to verify that they
are sufficiently similar, thermally, to the sample boards. If they were found to be similar than there would
be confidence that the thermal ruggedization modifications and enclosure would provide sufficient thermal
protection for the flight boardds. The results of the first and second round of testing is shown in the
Appendix and can be used as an example of the variability in thermal behavior of a large set of typcial
COTS boards.

Background:

The boards were photographed with an IR camera and the images were post-processed to determine the
temperature at all the individual part locations on each of the boards. The boards were connected to
extender cards so that they would operate electrically as they would in the intended configuration but so
that they were still visible to the camera. The assembly was housed in a five-sided black box to reduce
detection of peripheral sources of IR energy. The room was kept at 25°C +3°C -0°. The room was isolated
from pedestrian traffic by a door.

The data consists of a temperature for each part location on a given board. The locations correspond to a
part which is soldered to the board. Between three and ten boards were tested depending on the board type,
giving a corresponding three to ten measurements for each part. Prior testing showed good correlation
between thermocouple data and the IR signature derived temperature. The analysis here will focus on the
variability of the data and not on the absolute value.

Results:

The data shown in Appendix A includes measurements performed in one time period (Non-flight 1) and
measurements performed many months later (Non-Flight 2 and all Flight data). The IR images are shown
as well. Some are not represented in the accompanying table and are marked as such. Standard deviations
including all of the data and those including only the data taken during the second test period, are shown.
The resulting numbers show that there may have been significant differences in measurement conditions
between the first and second rounds of measurements. When the data set for the all inclusive data shows
many standard deviations which are more than one degree higher than those shown for the second round
data only, the second round data is used in the Table 1 analysis.

Table 1 shows the type of board tested, the average temperature of the hottest part on that board and the
average temperature of the coolest part on that board type. The standard deviation has been calculated for
the part temperatures (one std dev for each part). The average temperature for the part whose standard
deviation is highest is also shown.

The data in Table 1 indicates that the variability does not always correlate directly with the hottest or
coolest part. It appears by comparison to the part maps (Appendix) to correlate to location of the part with
respect to other hot parts or to the edge of the board. In two cases, high variability in measurement



occurred where a part or parts were in or near an array of heat dissipating parts. These observations, and
the large standard deviations for the data which includes the first round measurements indicates that the test
set-up should be better characterized with respect to the enclosure geometry, air flow, ambient temperature
control, and camera calibration.. Thermocouples should be used for sensitive parts near groups of heat
dissipating parts.

Conclusion:

IR imaging is a useful tool for identifying hot spots on COTS boards and for quantifying their
temperatures. It is important to characterize the set-up to limit measurement variability associated with the
test environment. By using a five-sided, black box as the enclosure, operating in a room that is closed to
pedestrian traffic, and controlling the ambient temperature one should expect measurement accuracy
generally between + 1.2 °C and + 6 °C. Depending on the application and the temperatures, this may
suffice. To reduce the variation, more stringent control must be placed on the ambient temperature and the
airflow in the measurement environment.
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